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7KH VWHDGLO\ DOWHUQDWLQJ DQG XQSUHGLFWDEOH UHTXLUHPHQWV IRU LQGXVWULDO FRPSDQLHV LPSOLFDWH WKH FKDOOHQJH WR HQKDQFH SURGXFWLRQ
V\VWHPV$VDFRQVHTXHQFHWKHQHHGIRUDFWLRQOHDGVWRDSDUDGLJPVKLIWLQSURGXFWLRQ$WUDQVIRUPDWLRQIURPDIOH[LEOHSURGXFWLRQ
WRDFKDQJHDEOHFRPSDQ\RFFXUV,QWKLVFRQWH[WFKDQJHDELOLW\ZLOOEHGHFLVLYHIRUWKHGHVLUHGVXFFHVV3URGXFWLRQV\VWHPVDUHXVHG




FKDQJLQJ UHTXLUHPHQWV LV WR DSSO\ WKH SULQFLSOH RIPRGXODUL]DWLRQ &RQYHQWLRQDOO\ PRGXODUL]DWLRQ LV FRQVLGHUHG LQ D WHFKQLFDO
FRQWH[W7KHFRQVLGHUDWLRQRI VWDIIDQGRUJDQL]DWLRQ LVGLVUHJDUGHG7KLVDUWLFOH LQWURGXFHVDQHZDSSURDFK WRGHVLJQFKDQJHDEOH








,Q WKH JOREDO FRPSHWLWLRQ LQGXVWULDO FRPSDQLHV DUH
H[SRVHG WR DQ LQFUHDVLQJO\ G\QDPLF DQG WXUEXOHQW
PDUNHW7RGD\WKH\DUHFRQIURQWHGZLWKDQXQSUHGLFWDEOH
DVZHOO DV LQVWDEOHPDUNHW VLWXDWLRQ >@  ,Q DGGLWLRQ WR
XQSUHGLFWDEOHLQIOXHQFHVHJWKHILQDQFLDODQGHFRQRPLF
FULVLV WKH SURJUHVVLYH JOREDOL]DWLRQ WKH OLPLWDWLRQ RI
UHVRXUFHV DFFHVVLELOLW\ XQVFKHGXOHG RUGHU IOXFWXDWLRQV
DQG WKH LQGLYLGXDOL]DWLRQ RI FXVWRPHU SUHIHUHQFHV KDYH
DQ LPSDFW RQ WKHVH FRPSDQLHV > @ 7KH FRQVWDQWO\
DOWHUQDWLQJ UHTXLUHPHQWV IRU LQGXVWULDO FRPSDQLHV
LPSOLFDWH WKH FKDOOHQJH WR IXUWKHU GHYHORS SURGXFWLRQ
V\VWHPV > @ ,Q WKH ILHOG RI SURGXFWLRQPDQDJHPHQW
\RX FDQ REVHUYH D SDUDGLJP VKLIW IURP D IOH[LEOH
SURGXFWLRQ WR D FKDQJHDEOH FRPSDQ\ >@ $ YDULHW\ RI
DOUHDG\NQRZQGULYHUVRIFKDQJHHJQHZGHYHORSPHQWV
LQ WHFKQRORJLHV KDYH DQ LPSDFW RQ WKH SURGXFWLRQ
V\VWHPV RI LQGXVWULDO FRPSDQLHV 7KLV LPSDFW LV
LUUHVSHFWLYHRIWKHVHFWRUVL]HDQGSRVLWLRQLQWKHYDOXH
DGGHGFKDLQ,QWKLVFRQWH[WWKHWHUPSURGXFWLRQV\VWHP
FDQ EH XQGHUVWRRG DV D VRFLRWHFKQLFDO V\VWHP ZKLFK
JHQHUDWHVDQLQSXWLQWRDQRXWSXWZLWKWKHDLPRIYDOXH





([DPSOHV RI H[WHUQDO LQIOXHQFHV DUH WKH PDUNHW WKH
HQYLURQPHQW DQG WKH HFRQRP\ DV ZHOO DV VRFLDO DQG
SROLWLFDO IDFWRUV ,QWHUQDO IDFWRUV DULVH LQVLGH WKH
FRPSDQ\HJE\WKHVWDIIQHZPHWKRGVRUSURGXFWV>@
7KHRXWFRPHRIWKLVLVDFRQWLQXRXVHJIOXFWXDWLRQVLQ
GHPDQG RU GLVFRQWLQXRXV HJ MXPSV LQ LQQRYDWLRQ
GHPDQG IRU FKDQJH )LJ  7R IDFH WKH UHVXOWLQJ
FKDOOHQJHVHYHU\HQWHUSULVHKDVWRGHILQHWHFKQLFDOO\DQG
RUJDQL]DWLRQDOO\ UHDOL]DEOH DV ZHOO DV FRVWHIIHFWLYH
DFWLRQVLQDQDSSURSULDWHWLPH>@2QHFKDQFHWRUHDFWWR
FKDQJLQJ UHTXLUHPHQWV LV WR DSSO\ WKH SULQFLSOH RI
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PRGXODUL]DWLRQ >@ ,Q OLWHUDWXUH PRGXODULW\ LV UHIHUUHG
WRDVRQHRIWKHILYHFKDQJHHQDEOHUVDQGWKXVKDVDZLGH
LQIOXHQFHRQWKHFKDQJHDELOLW\RISURGXFWLRQV\VWHPV>@
%\ WKH WHUPPRGXODULW\ FRQFHSWV DUH LQWHJUDWHG ZKLFK
DVSLUH WKH UHGXFWLRQ RI FRPSOH[LW\ E\ FUHDWLQJ VPDOOHU
XQLWV>@,QOLWHUDWXUHDVZHOODVLQSUDFWLFHWKHUHDUH
DOUHDG\H[LVWLQJPLVFHOODQHRXVDSSURDFKHVIRUDPRGXODU
GHVLJQ RI IDFWRU\ DQG SURGXFWLRQ V\VWHPV %XW
FRQYHQWLRQDOO\ PRGXODUL]DWLRQ LV FRQVLGHUHG LQ D
WHFKQLFDO FRQWH[W 7KH FRQQHFWLRQV WR VWDII DQG
RUJDQL]DWLRQ DUH GLVUHJDUGHG DV IDU DV SRVVLEOH >@ )RU
WKHPRGXODUGHVLJQRIKROLVWLFDOO\FKDQJHDEOHSURGXFWLRQ
















)RU TXLWH VRPH WLPH FKDQJHDELOLW\ KDV EHHQ
SHUFHLYHG DV DQ HVVHQWLDO IDFWRU RI VXFFHVV IRU WKH
VXVWDLQDEOH IDFWRU\ >@ &KDQJHDELOLW\ PDUNV WKH
DFTXLUHPHQW RI D FRPSOHWH IDFWRU\ WR DGDSW LWVHOI WR
FKDQJLQJ UHTXLUHPHQWV LQ D UHDFWLYH RU SURDFWLYH ZD\
>@ %DVHG RQ WKLV XQGHUVWDQGLQJ FKDQJHDELOLW\ FDQ EH
GHILQHG LQ WKH IROORZLQJ ZD\ ³&KDQJHDELOLW\
FKDUDFWHUL]HVWKHSRWHQWLDORIDIDFWRU\WRUHDOL]HDWDUJHW
RULHQWHG QHZ DQG UHFRQILJXUDWLRQ LQ D UHDFWLYH RU
SURDFWLYH ZD\ E\ WKH XVH RI V\VWHP DQG VWUXFWXUH
LPPDQHQWHQDEOHUVZLWKWKHDLPWRUDLVHRUPDLQWDLQWKH
LQWHUQDO DQG H[WHUQDO HIILFLHQF\ RI WKH IDFWRU\´ >@ ,Q
FRQWUDVW WR IOH[LELOLW\ FKDQJHDELOLW\ LV SHUFHLYHG DV D
SRWHQWLDO WR SHUIRUP QHFHVVDU\ FKDQJHV RXWVLGH
SUHGHILQHG FRUULGRUV )LJ  7KHVH FRUULGRUV FDQ EH
VKLIWHG YHUWLFDOO\ DV ZHOO DV FXVWRPL]HG LQ WKHLU
KRUL]RQWDO ZLGWK &RPSDUHG WR IOH[LELOLW\ WKH UDQJH RI
FDSDELOLW\ ZLOO QRW EH SURYLGHG EXW SUHWKRXJKW IRU
SRVVLEOHFKDQJHV>@
5HLQKDUW HW DOGRHVQRWFRQVLGHUFKDQJHDELOLW\DVDQ
H[WHQVLRQ RI IOH[LELOLW\ EXW UDWKHU DV DQ HOHPHQW
&KDQJHDELOLW\FRQVLVWVRIIOH[LELOLW\DQGUHDFWLYLW\DQGLV
GHVFULEHG DV D ³GLPHQVLRQ RI FRPSDQ\ FDSDELOLW\ WR
DGDSWRQDWXUEXOHQWHQYLURQPHQW´>@
IOH[LELOLW\ I I















FRQVLGHUHG SURGXFWLRQ V\VWHP UHJDUGLQJ FKDQJH
DIIHFWLQJ IDFWRUV 7KH VHFRQG VWHS LQFOXGHV D FRPSDQ\
VSHFLILF SDUWLWLRQ LQWR PRGXOHV RI WKH GLPHQVLRQV RI
WHFKQRORJ\RUJDQL]DWLRQDQGVWDII$QH[WHQVLRQRIQHZ
PRGXOHV DV ZHOO DV DQ RSWLPL]DWLRQ DQG VXEVWLWXWLRQ RI
H[LVWLQJ PRGXOHV PD\ UHVXOW IURP PRGXODUL]DWLRQ DQG
V\QFKURQL]DWLRQ ,Q D IXUWKHU VWHS RI WKH SURMHFW
PRGXODUO\ GHVLJQHG SURGXFWLRQ V\VWHPV ZLOO EH
FRQILJXUHG DQG LQFRUSRUDWHG LQWR WKH RYHUDOO V\VWHP RI
WKHFRPSDQ\ ,Q WKLVSURFHVV LQWHUIDFHV WRRWKHUVHFWRUV
QHHGWREHLPSOLFDWHG)XUWKHUPRUHWKHUHVHDUFKSURMHFW
IRFXVHV RQ WKH GHVLJQ RI D FRVWEHQHILW EHQFKPDUN WRRO
IRUVXVWDLQDEOHFKDQJHDELOLW\DQGDVWUXFWXUHGDVZHOODV
VWDQGDUGL]HG FRPSLODWLRQ RI GHYHORSHG PHWKRGV DQG
WRROV %\ WKH XVH RI WKLV FRPSLODWLRQ WKH VXVWDLQDELOLW\







LV HVVHQWLDO IRU UHDFWLQJ WR H[WHULRU WXUEXOHQFHV DQG WKH
UHVXOWLQJ GHPDQGV IRU FKDQJH ,Q WKH FRQWH[W RI WKH
UHVHDUFK SURMHFW ³:DPR3UR´ SURGXFWLRQ V\VWHPV DUH
FRQVLGHUHG DV DQ LQWHUUHODWLRQ EHWZHHQ PRGXOHV RI WKH
GLPHQVLRQV RI WHFKQRORJ\ RUJDQL]DWLRQ DQG VWDII )LJ
7KHEHORZLQWURGXFHGDSSURDFKIRUDPRGXODUGHVLJQ
RISURGXFWLRQV\VWHPVFRQVLGHUVWKLVLQWHUUHODWLRQDQGLV
EDVHG RQ WKH DSSOLFDWLRQ RI WKH SULQFLSOHV RIPRGHOLQJ
0RGHOV DUH HDUPDUNHG FRSLHV RI WKH UHDOLW\ ZKLFK
FRQFHQWUDWH RQ HOHPHQWV WKDW DUH UHOHYDQW IRU D VSHFLILF
LVVXH >@7KHVHGD\VPRGHOLQJ LVDQHYLGHQFH IRU WKH
SUHVXPSWLRQ RI D IXWXUH UHDOLW\ DQG FRQVLGHUHG DV DQ
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DSSURDFK IRU DQ DFWLYH GHVLJQ RI V\VWHPV >@ 7KH
SULQFLSOHRIV\VWHPVKDVDVLJQLILFDQWUROHIRUWKHEHORZ
LQWURGXFHG FRQFHSW $FFRUGLQJ WR WKH GHILQLWLRQ RI WKH
JHQHUDO V\VWHPV WKHRU\ D V\VWHP FRQVLVWV RI D ORW RI
HOHPHQWV ZLWK DWWULEXWHV ZKLFK DUH FRPELQHG E\
UHODWLRQV>@7KLVDSSURDFKDOORZVIRUWKHGHYHORSPHQW
RI FKDQJHDELOLW\ DV DQ DWWULEXWH >@ DQG DQ HDVLHU














WR WUDQVPLW LW LQWR D FRPSDQ\VSHFLILF KLHUDUFK\OHYHO
PRGHO LQ RUGHU WR UHDOL]H D PHWKRGLFDO DQG FRPSDQ\
VSHFLILF PRGXODUL]DWLRQ 7KH GHYHORSHG DSSURDFK
SXUVXHV WKH JRDO WR GHVLJQ DPRGXOH OLEUDU\ GHSHQGLQJ
RQKLHUDUFK\OHYHOV%\WKHXVHRIWKLVOLEUDU\DGHVLJQHU
RI FKDQJH XVXDOO\ WKHKHDGRI WKH FRQVLGHUHG VHFWRU LV
HQDEOHG WR UHDFW WRGHPDQGVRIFKDQJH%HFDXVHRI WKLV
SXUSRVH DQ DJJUHJDWLRQ RIPRGXOHV IURP WKH ORZHVW WR
WKH KLJKHVW KLHUDUFK\ OHYHO LV QRW FRPSXOVRU\ 7KH
GHYHORSHG PRGXOH OLEUDU\ LV DGDSWHG WR WKH VSHFLILF
UHTXLUHPHQWV DQG RSWLRQV IRU DFWLRQ RI WKH GHVLJQHU RI
FKDQJH ,WFRQWDLQVDOOQHFHVVDU\PRGXOHV IRUDQHZRU
UHGHVLJQ RI WKH PRGXODUL]HG VHFWRU )XUWKHUPRUH WKH
DSSURDFK OHDGV WR D UHGXQGDQW GHSRVLW RI PRGXOHV LQ
YDULRXV OHYHOV DQG VHFWRUV $IWHU DQ H[SOLFLW
GHWHUPLQDWLRQRIDGHVLJQHURIFKDQJHDQGWKHDVVRFLDWHG
VHFWRU RI GHVLJQLQJ WKH ³PRGXODUL]DWLRQ DQDO\VLV´ LV
H[HFXWHG LQ WZR VWHSV 7KH ILUVW VWHS LV WKH ³VWRFN
DQDO\VLV´EDVHGRQDGHVFULSWLRQDQGDQDO\VLVRIUHOHYDQW
EXVLQHVVSURFHVVHVHJGHYHORSPHQWGLVWULEXWLRQDQGVR
RQ7KH VHFRQG VWHS LV WKH DQDO\VLV RI VSKHUH DFWLYLWLHV
,QVLGHWKLVVWHSSURFHVVHVDUHJHQHUDWHGDQGDQDO\]HGRQ
WKH EDVLV RI VFHQDULRV 7KHVH VFHQDULRV UHVXOW IURP WKH
LGHQWLILFDWLRQ RI FKDQJHDIIHFWLQJ IDFWRUV RQ WKH
FRQVLGHUHG FRPSDQ\ VHFWRU$Q DSSURSULDWHPHWKRG IRU
WKLV KDV DOUHDG\EHHQGHYHORSHGZLWKLQ WKHSURMHFW >@
EXWZLOOQRWEHLQWURGXFHGLQWKLVDUWLFOH7KHDQDO\VLVRI
VSKHUH DFWLYLWLHV LV XVHG IRU WKH LGHQWLILFDWLRQ RI
DGGLWLRQDO DQGRU VXEVWLWXWHG PRGXOHV 7KHVH PRGXOHV
QHHGWREHDYDLODEOHIRUSRVVLEOHGHPDQGVRIFKDQJHDQG
IRUPDSUHWKRXJKWVROXWLRQVSDFH
,Q WKH IROORZLQJ WKH VLQJOHSURFHVV VWHSV DFWLYLWLHV






HOHPHQW RI FKDQJH UHOHYDQW DWWULEXWHV DUH GHSRVLWHG LQ
HYHU\ PRGXOH :LWK D YLHZ WR WKH FRQILJXUDWLRQ
DSSURDFKZKLFKZLOO EH LQWURGXFHGEHORZ WKH VWUXFWXUH
RI RUJDQL]DWLRQDO PRGXOHV RI WKH HOHPHQW ³PHWKRG´
GHYLDWH IURP WKH RWKHU PRGXOHV 7R FRQWURO WKH
FRQILJXUDWLRQ SURFHGXUH RQ WKH EDVLV RI UHIHUHQWLDO
SURFHVVHV LW LV QHFHVVDU\ WKDW WKHVH PRGXOHV KDYH WKH
IRUPRIDSURFHVVGHVFULELQJPHWKRG
$OO LGHQWLILHGPRGXOHV LQFOXGLQJ WKHLU DWWULEXWHVZLOO













































)RU WKH GHVLJQ RI FKDQJHDEOH SURGXFWLRQ V\VWHPV D
V\VWHPDWLFDO LGHQWLILFDWLRQ DQG DUFKLYLQJ DORQH LV
LQVXIILFLHQW EXW WRROV DUH DOVR QHHGHG WR GHVFULEH WKH
FRUUHODWLRQV EHWZHHQ WKH VLQJOH PRGXOHV 7KH EHORZ
LQWURGXFHG DSSURDFK FRQVLGHUV WKH FRUUHODWLRQV EHWZHHQ
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WKHFRPSDQ\VSHFLILFPRGXOHVDQGHQDEOHVDV\VWHPDWLF
FRQILJXUDWLRQ RI SURGXFWLRQ V\VWHPV E\ WKH XVH RI
GHILQHGQRUPVRIPRGHOLQJ+HUHE\D V\VWHPEDVHGRQ
FRQQHFWHG HOHPHQWV ZLWK D G\QDPLF V\VWHP ERXQGDU\
RFFXUV 7KLV V\VWHP ERXQGDU\ UHVXOWV IURP WKH
LQWHJUDWLRQDQGWKHDWWULEXWHVRIWKHXVHGHOHPHQWV
,QWKHSUHSDUDWLRQRIWKHGHYHORSPHQWRIWKHDSSURDFK














(VSHFLDOO\ WKH V\VWHPDWLF DOLJQPHQW RI UHTXLUHPHQWV
DQGDWWULEXWHVSOD\VDQHVVHQWLDOUROHLQWKHGHYHORSPHQW
DVZHOO DV WKH IXWXUH DSSOLFDWLRQRI WKHPHWKRG%\ WKH
XVH RI WKH PRGXODUL]DWLRQ DSSURDFK DQG WKH DVVRFLDWHG
DUFKLYLQJ RI DOO LGHQWLILHG PRGXOHV LQFOXGLQJ WKHLU
UHOHYDQW DWWULEXWHV WKH QHFHVVDU\ UHTXLUHPHQWV DQG
DWWULEXWHVRIHDFKPRGXOHDUHGHILQHG7KHDOLJQPHQWRI
UHTXLUHPHQWV DQG DWWULEXWHV RFFXUV E\ WKH SULQFLSOH RI
DFWLQJ DQG UHDFWLQJ PRGXOHV 7KH LQVSHFWLRQ RI WKH
IXOILOOLQJ RI DOO UHTXLUHPHQWV UHVXOWV IURP DQ DOLJQPHQW
RI WKH UHTXLUHPHQWV RI WKH DFWLQJ PRGXOH ZLWK WKH
DWWULEXWHV RI WKH UHDFWLQJ PRGXOH ,Q FDVH RI WKH
IXOILOOPHQW RI DOO UHTXLUHPHQWV D IHHGEDFNRI VHFRQGDU\
UHTXLUHPHQWV UHTXLUHPHQWV RI WKH UHDFWLQJ PRGXOH
RFFXUV )LJ  :KHQ DQ DSSURSULDWH PRGXOH
FRQFRUGDQFH RI UHTXLUHPHQWV DQG DWWULEXWHV LV
LGHQWLILHGLWLVDGGHGWRWKHV\VWHP
)RU WKH PRGHOLQJ RI WKH FRQILJXUDWLRQ VROXWLRQV D
JUDSKLFDO GLVSOD\ IRUPDW KDV EHHQ GHYHORSHG WKDW
FRQVLVWV RI V\PEROV IRU WKH WKUHHGLPHQVLRQVRI FKDQJH





x 'LUHFWHG LQWHUUXSWHG HGJHV FRQQHFW DQ
RUJDQL]DWLRQDOPRGXOHDQGDQHZO\DGGHGPRGXOHDV
ORQJ DV WKH UHTXLUHPHQWV RI WKLV KDYH QRW EHHQ
FRPSOHWHO\ IXOILOOHG+HUHE\ WKHUHTXLUHPHQWVRI WKH
QHZPRGXOHZLOOEHUHJHQHUDWHGWRWKHRUJDQL]DWLRQDO
PRGXOH




LQWHUUXSWHG RU QRQGLUHFWHG LQWHUUXSWHG HGJHV DV
VRRQ DV WKH FRPSOHWH UHTXLUHPHQWV RI WKH
FRUUHVSRQGLQJPRGXOHDUHIXOILOOHG

7KH LQLWLDOSRLQWRIHYHU\FRQILJXUDWLRQ LV IRUPHGE\
RUJDQL]DWLRQDOPRGXOHVRI WKHGHVLJQHOHPHQW³PHWKRG´
WKDWDUHUHODWHGWRDFWLYLWLHV7KHVHDFWLYLWLHVUHVXOW IURP
WKH ³VWRFN DQDO\VLV´ DV ZHOO DV WKH DQDO\VLV RI VSKHUH
DFWLYLWLHVDQGDUHDYDLODEOHIRUWKHGHVLJQHURIFKDQJHWR
UHDFWWRGHPDQGVRIFKDQJH
7KH VLQJOH UHTXLUHPHQWV RI WKH FRQILJXUDWLRQ
FRQWUROOLQJ PRGXOH ZLOO EH H[HFXWHG ZLWKLQ WKH






DWWULEXWHV RI REMHFWV RQ




























$VVRFLDWHG WR WKH VWUXFWXUH RI DQ RUJDQL]DWLRQDO
PRGXOH RI WKH VSHFLILFDWLRQ ³PHWKRG´ LQWURGXFHG LQ
FKDSWHU  DOO UHTXLUHPHQWV RI D URZ KRUL]RQWDO
H[HFXWLRQ RI WKH PHWKRG ZLOO EH FRQVLGHUHG EHIRUH D
WUDQVLWLRQ WR WKH QH[W URZRFFXUV:KHQ DQ DSSURSULDWH
PRGXOH FRQFRUGDQFH RI UHTXLUHPHQWV DQG DWWULEXWHV LV
LGHQWLILHG LW LVDGGHG WR WKHV\VWHP,I WKHUHDUHVHYHUDO
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PRGXOHV ZKLFK IXOILOO WKH UHTXLUHPHQWV DOWHUQDWLYH
VROXWLRQV ZLOO EH JHQHUDWHG 7KHVH VROXWLRQV DUH
UHSUHVHQWHG LQ LQGHSHQGHQW V\VWHPV ZKHUHE\ SDUDOOHO
SDWKV RI GHYHORSPHQW HPHUJH ,Q WKH QH[W VWHS WKH
FRQQHFWHGPRGXOH OLQNV LWV VSHFLILF UHTXLUHPHQWV WR WKH
GHGLFDWHG RUJDQL]DWLRQDO PRGXOH 7KLV PRGXOH LV WKHQ
H[SDQGHGE\WKHUHTXLUHPHQWVRIWKHFRQQHFWHGPRGXOH
,Q WKH IROORZLQJ FRQILJXUDWLRQ SURFHVV DOO IXUWKHU
UHTXLUHPHQWV DUH DOLJQHG ZLWK WKH PRGXOHV WKDW DUH
DOUHDG\H[LVWLQJ LQ WKH V\VWHP7KLV VWHSKDV WKHDLP WR
UHGXFH WKH FRPSOH[LW\ RI GHYHORSHG V\VWHPV DQG WR
FUHDWHWKHPLQLPXPQXPEHURIPRGXOHFRQQHFWLRQV
%HFDXVH RI WKH IHHGEDFN RI UHTXLUHPHQWV )LJ 
RUJDQL]DWLRQDOPRGXOHVRI WKHGHVLJQHOHPHQW³PHWKRG´
KDYH DQ HVVHQWLDO UROH 7KH\ FRQWURO WKH SURFHGXUH RI
FRQILJXUDWLRQ %\ HDFK FRQQHFWLRQ WKH UHTXLUHPHQWV RI
WKHPRGXOHDQGDFFRUGLQJWRWKLVWKHFRPSOH[LW\RIWKH
ZKROH V\VWHP H[SDQGV 7R UHDOL]H WKH G\QDPLF V\VWHP
FRQILJXUDWLRQ WZR W\SHVRI UHTXLUHPHQWV RI WKHGHVLJQ
HOHPHQW ³PHWKRG´ DUH GLIIHUHQWLDWHG 2Q WKH RQH KDQG
WKHUHDUHSULPDU\UHTXLUHPHQWVWKDWKDLOIURPWKHRULJLQDO
PRGXOH 2Q WKH RWKHU KDQG WKHUH DUH VHFRQGDU\
UHTXLUHPHQWV WKDW UHVXOW IURP WKH FRQQHFWLRQV WR RWKHU
PRGXOHV ,Q WKH FDVH RI D FRQQHFWLRQ ZLWK IXUWKHU
RUJDQL]DWLRQDOPRGXOHRI WKH GHVLJQHOHPHQW ³PHWKRG´
WKHUH LV QR IHHGEDFN EHWZHHQ WKHVH PRGXOHV ,Q WKLV
FRQQHFWLRQDQHTXLYDOHQWSURFHVVRFFXUV
,I WKHUH DUH QRPRUH DSSURSULDWHPRGXOHVZKLFK FDQ
EH LGHQWLILHG LQ WKH FRXUVH RI WKH FRQILJXUDWLRQ
SURFHGXUH WKH GHYHORSHG DOWHUQDWLYH ZLOO EH DEROLVKHG
DQGDQRWKHUDOWHUQDWLYHZLOOEHFKRVHQ1RUPDOO\DW WKH
HQG RI HDFK FRQILJXUDWLRQ VHYHUDO DOWHUQDWLYHV DUH
JHQHUDWHG WKDW KDYH WR EH FKHFNHG E\ FRVWEHQHILW
DVSHFWV ,Q WKH SURMHFW ³:DPR3UR´ D WRRO IRU D FRVW




FRQILJXUDWLRQ DUH LOOXVWUDWHG RQ WKH EDVLV RI D SUDFWLFDO
H[DPSOHZKLFK KDVEHHQGHYHORSHGZLWKLQ WKH UHVHDUFK
SURMHFW ³:DPR3UR´ ,Q WKH ILUVW LQVWDQFH WKH WZR VWHSV
³VWRFN DQDO\VLV´ DQG ³DQDO\VLV RI VSKHUH DFWLYLWLHV´ RI
WKH³PRGXODUL]DWLRQDQDO\VLV´KDYHEHHQH[HFXWHGRQWKH
EDVLV RI WKH FRQVLGHUHG FRPSDQ\ )RU WKLV SXUSRVH
VHYHUDO FRPSDQ\VSHFLILF SURFHVVHV KDYHEHHQ UHFRUGHG
DQG DQDO\VHG ZLWK WKH DLP WR LGHQWLI\ FRUUHVSRQGLQJ
PRGXOHV  )LJ  UHSUHVHQWV DQ H[HPSODU\ UHVXOW RI WKH
DQDO\VLVRIVSKHUHDFWLYLWLHV
%\WKHXVHRIWKLVSURFHVVDQDO\VLVH[LVWLQJDVZHOODV






























WKH DSSURDFK IRU FRQILJXUDWLRQ WKH GHVLJQHU RI FKDQJH
KDV EHHQ HQDEOHG WR PRGHO FRPSOH[ EXW UHDOLVWLF
FRQILJXUDWLRQ VROXWLRQV YHU\ TXLFNO\$Q H[DPSOH IRU D



















































RI SURGXFWLRQ V\VWHPV WKDW HQDEOHV D VWUXFWXUHG




RI WKH FRQVLGHUHG VHFWRU WKH FRUUHODWLRQV EHWZHHQ WKH
YDULRXV PRGXOHV KDYH DQ HVVHQWLDO UHOHYDQFH 7KHVH
























7KH DERYH LQWURGXFHG PHWKRGLFDO DSSURDFKHV RI
PRGXODUL]DWLRQDQGFRQILJXUDWLRQKDYHEHHQSURYHGDQG
YDOLGDWHGE\VHYHUDO LQGXVWULDOHQWHUSULVHVLQWKHFRQWH[W
RI WKH FRRSHUDWLYH SURMHFW ³:DPR3UR´ 7KH
LPSOHPHQWDWLRQ LQ WKH LQGXVWULDO VHFWRU KDV
GHPRQVWUDWHG WKDW WKH DSSURDFKHV DOORZ D V\VWHPDWLFDO
FRQWURO RI SUHGLFWDEOH DQG SURMHFWDEOH VFHQDULRV
LPSURYHPHQWRIIOH[LELOLW\)XUWKHUPRUHSRWHQWLDOVIRU
DFWLRQDUHFRQVWLWXWHGZKLFKFDQEHGLUHFWO\DFWLYDWHGLQ
FDVH RI QHHG LPSURYHPHQW RI UHDFWLYLW\ &RQVLGHULQJ
WKHGHILQLWLRQRIFKDQJHDELOLW\DSSURSULDWH WR5(,1+$57
HW DO >@ WKH XVH RI WKH LQWURGXFHG DSSURDFKHV ZLOO
ILQDOO\FDXVHDQLPSURYHPHQWRIFKDQJHDELOLW\)LJ
%HFDXVH RI WKH GHVLJQ RI D FRVWEHQHILWWRRO WKH
FHQWUDO LGHD RI VXVWDLQDEOH FKDQJHDELOLW\ ZLOO EH
FRQVLGHUHG DW DOO WLPHV %\ D SUDFWLFDOO\ RULHQWHG
DJJUHJDWLRQ RI WKH GHYHORSHG DQG YDOLGDWHGPHWKRGV DV
ZHOO DV WRROV WKH VXVWDLQDELOLW\ RI FKDQJHDELOLW\ FDQ EH
JXDUDQWHHG
$FNQRZOHGJHPHQWV
7KLV DUWLFOH KDVEHHQJHQHUDWHG LQ WKH FRQWH[W RI WKH
UHVHDUFK DQG GHYHORSPHQW SURMHFW ³:DPR3UR´ WKDW LV
IXQGHG E\ WKH *HUPDQ )HGHUDO 0LQLVWU\ RI (GXFDWLRQ
DQG 5HVHDUFK %0%) ZLWKLQ WKH )UDPHZRUN &RQFHSW
5HVHDUFKIRU7RPRUURZ
V3URGXFWLRQDQGPDQDJHGE\
WKH 3URMHFW 0DQDJHPHQW $JHQF\ )RUVFKXQJV]HQWUXP
.DUOVUXKH37.$
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